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FLEXIBLE PAVEMENT -
MATINTENANCE REQUIREMENTS
AS

DETERMINED BY
DEFLECTION MEASUREMENT##%*

By

Ernest Zube* and Raymond Forsyth¥¥
SYNOPSTIS

This paper is a report on the results of the use of
the deflection method by the California Division of
Highways for the evaluation of existing flexible pavements
and the recommendation of suitable reconstruction. Since
1960, some 80 projects including state highways, county
roads, and city streets, have been subject to deflection
investigation by the Materials and Research Department of
the California Division of Highways. The prime purpose
of these investigations was the recommendation of the ap-
propriate corrective treatment. As a result of this
intensive program, a large volume of data on the deflection
attenuation properties of various roadway materials has
been accumulated and is presented in this report, along
with the results of individual deflection studies. The
test procedure, method of evaluation of deflection data,
and design criteria which have evolved are examined in

detail, 1In addition, economical and practical factors
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iﬁ%olved in making a specifié recommendation are discussed.
A separate section of the repoft is devoted to a review of
current deflection research including work we are now
carrying out on the establishment.of maximum deflection
-criteria wﬁich may be adjusted for wvariations in traffic
vo;pme. A brief analysis of radius of curvature data ob-

tained with the Dehlen '"curvature meter' is also included.
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INTRODUCTION

The California Division of Highways has utilized de-
flectioh measurement for the evaluation of flexible pave-
ments gince 1938. Until 1954, deflection measurements
were obtained using General Electric ﬁravel gages and a
later modification, the linear vatiable differential
transformer gage. Duringrthese early years, the limited
amount of defleétion data available was used to evaluate
flexible pavement sections subject to distress investi-
gation. 1In 1951 a combreheﬁsive deflection research
prbgram was initiated by the Materials and Research
Department. The principal objective of this study was
the establishﬁeut of a tie between the level of pavement
deflection and pavement performance or conditions. |
Secondary objectives included (1) establishment of the
relationship between single axle load and pavement de-
flection, (2) a determination of the effect on pavement

deflection of wheel configﬁration, and (3) an examination
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of the relationship betﬁeen pavement deflection and pave-
ment temperature, Approximately 400 General Electric gage
units were installed on 43 projects throughout the State of
California.

} The test roadways included a wide variety of pavement
structural sections since it was obvious from the beginning

that thickness of asphalt concrete surfacing was a prime

- variable. Installations were made on both distressed and

undistressed sections of the test roads. The rear axle
loaéing for this and all subsequent deflection testing
Was;iS,OOO lbs. The results and conclusions of this
stu&y were pﬁblished in 1955(1).

‘:Examination of the data from this study with respect
to ievel of pavement deflection versus pavement condition
permitted the establishment éf tolerable deflection
criteria for a variety of structural sections. The
selébted roads were, without exception, "mainline'",
carrying approximately 10 million or more equivalent
5000 1b. wheel loads (EWL) during their 10 year design
lifé. The criteria developed as a result of this study
(shbﬁn by Table 1) are of fundamental importance since
the; provided the basis for the practical application of
pavement deflection data for the determination of the

maintenance requirements of a distressed roadway.
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It should be emphasized-at,;bis point that these
values are applicable primarily;qo Ca1ifornia highways
since the methods of mix design, seasonal weather vari-
ations, and the characteristics of the construction
materials, notably asphalt binder, are peculiar to this
state. They are somewhat conservative in comparison to
the criteria established by other agencies.

The installation of linear variable differential
transformer gages for deflection measurement was a ‘
tedious and time consuming procgss. Because of this and
the relatively high costs involved, only limited coverage
was possible.

During the operational phase of the WASHO Road Test
(1952-54), Mr. A. C. Benkelman of the Bureau of Public
Roads developed an instrument for pavement deflection
with the important advantages of versatility, simplicity,
and speed. With this device, upwards of 300 measurements
per normal working day are possible. The development of
the Benkelman beam, therefore, greatly augmented pavement
deflection research and the use of pavement deflection
measurements for overlay design.,

Between 1955 and 1960, we developed a semiautomatic
deflection device, based upon the Benkelman beam principal,

known as the traveling deflectometer (see Figure 1); This
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insﬁrument combiﬁes'a truck-trailer unit with dual probes
for simultaneous deflection measurements under both sets

of:dual wheels. The device is electro-mechanical and is
capable of uniform and consistent measurement of pavement

deflections at 12-1/2 foat intervals while traveling

"éfeadily at 1/2 mile per hour. Between 1500 and 2000 indi-

vidual deflection measurements are possible during the
average working day. The development of the traveling
deflectometér'and the results of several of these early
deflectionfétudies were described in detail in a paper
présented iﬁ 1962 at the Intermational Conference on
Structural Design of Asphalt Pavements(Z).

By 1960 sufficient information on the deflection
reductlon propertles of varloué\éoadway mate:f;is had‘
begn accumilated to permit reasonable estimation of the
effectiveneés of specific types of reconstruction for
roédways evaluated by deflection study. The traveling
deflectometer provided the means of obtaining a large

volume of‘déflectiqn test data within a relatively short

perlod of tlme The use of pavement deflectlon measure-

B

such as overlays, has been used with ever increasing

fréquency‘Since that time.
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This repdrt describes the evolution of a deflection
test method as used by the California Division of Highways

and presents the results of follow-up measurements on

L4

projects built in accordance with recommendations resulting
from operational deflection studies. Detailed descriptions
of five projects of particular interest will be included.

A portion of the report will be devoted to a review of the
scope and objectives of our current pavement deflecﬁion

research program.

DEFLECTION TEST PROCEDURE

Prediction of Deflection Attenuation

Acdumuiation'pf défleqtion attemiation data has been
accomplished by two methods, the first of which has been
follow=-up measuréments'over projects constructed according
- to fecommendations resulting from deflection studies. |
Another very important source has been test data from
projects selected'specifically for peculiarities in
structural sectioni i.e., an unusually thick surfacing or
base. From May of 1960 tb‘July 1965, some 80 separate
deflection studles of an operational nature were conducted
for the Division of Highways, counties, and cities in-

' volving deflection measurements and recommendations for
| corrective treatment for 250 i{ndividual roadways. As a

result of this experience, the Division of Highways
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con%inues t& accumulate a considerable'amount of data on
deflection attenuation. A plot reflecting the sum total
of Our-expefience to date with 17 completed projects is
preéented by Figure 2. Per cent reduction in deflection
is'ﬁlotted against increase in inches of gravel equiva-
‘lence.* This plot is the basic tool for planning
redbnstruction of roadways based upon deflection measure-
men%. It not only establishes a general trend in the
deflection reduction afforded by various thicknesses of
base and surfacing, but also indicates the results of
speéific types of reconstruction on individual projects.
.' In addition to the general deflection attenuation
trepds resulting from this program, our experience with
thefdeflection method so far has shown that; (1) In
absolute terms, the reductionlin daflection afforded by
a given thickness of material is in a large extent
depéndent upon the initial deflectlon level. Stated
anoﬁher way, the reduction in absolute units of deflection
res#lting from the placement from an AC layer is sub-
stantially greater at high deflection levels than at low

defiection levels even though the percentage reduction

*The thickness of gravel necessary to produce a load
distributing and soil restraininﬁ effect equal to that
produced by the slab actlon of the thickness of the
material being considered. Refer to Calif. Test Method
No.: 301~B.
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might be the,same in each case, It is, therefore, more
realistic to estimate reduction in deflection in terms of
per cent of initial deflection rather than in terms of
0.001" per inch of resurfacing. (2) A significant re-
duction in deflection usually occurs during the first
year of operation. This is presumably due to the addi-
tional curing of the asphalt concrete surfacing and
traffic compaction, :(3)lThe.most economical recon-
struction involves, insofar as is possible, complete
utilization of an existing structural section even though
the surfacing may be badly cracked and spalled. (4) The
highest rate of deflection reduction occurs with relatively

thin treatments. This rate of attenuation tends to

diminish with an increase in gravel equivalence. (5) The

. Yeduction in deflection resulting from the cement treatment

of an in-place material is somewhat greater than indicated
by existing California Divislon of Highways' gravel

equivalent factors.

Variation in Tolerable Deflection with Traffic

As discusgsed in the Introduction, the present limiting
deflection criteria were established based upon data from
heavily trafficked selected test roadways. It has been
long recognized that application of these criteria to

secoqdarjféﬁa:é highways, county roads, and city streets
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would be unrealistic and uneconomical. For this reason,

we have developed an interim method for adjustment of
tolerable deflection level according to variations in
traffic volume. This adjustment is based upon AC

suffacing fatigue tests made by us some time ago. The
results of this work indicated that while the fatigue

life of individual AC specimens varied widely, presumably
due to variation of mix design, age and number of previous
traffic loadings, the slopes of their load repetition
versus deflection lines were relatively uniform when
plotted as logarithmic functions. By utilizing an

average AC surfacing fatigue line slope and pivoting

liﬁes through known deflection criteria at the 9.0 traffic
in&ex (T.I.)* level, Figure 3 was developed for the purpose
of making "rule of thumb" adjustment in tolerable deflection
for varying traffic volumes. Although these curves are
based solely on laboratory surfacing fatigue data and

have not yet been correlated with field performance, they

appear quite reasonable within the ranges of 6.0 to 10.0 T.I.

Selection_af Test Section

Prior to making deflection measurements on a certain

¥The traffic 1ndex is an exponential function of total EWL
anticipated on the highway between the time construction
is completed and the end of the design period. Refer to
Calif, Test Method No. 301-B.
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‘road, the project file is studied for information on
variations in structural section, traffic volume, foun-
.ﬁation and drainage conditions, and unusual occurrences
'-during construction which may have had an effect upon the
~ performance of;the roadway. From this and visual exami-~
"nation of the project, test sections considered to be
representative are selected. Approximately 1000 feet per
. center line mile is tested on each project. Deflection
test data is separated into the éategories of fill, cut,
cracked, uncracked, trabel lane, passing lane, and inner
and outer wheel track. Further breakdowns or”divisions
are established as warranted by pecﬁliarities of the
project, Examination of average deflections for each of
these categories can fréquently indicate ﬁhe nature or
cause of early pavement distress and the practicability
of utilizing more than one type of corrective treatment,
In those cases where deflection is relatively uniform,
an evaluated* defleétion level (B0 percentile) 1s es~
tablished by recombining all outer wheel track readings
from the test section. This value reflects the deflection
h,”Hmﬁgkéaﬁgggg;gpggsmgi,;hejsectionaaSwemwholemrathewwthan"“““””“

By gl

isolating. possible causes of distress or placing undue

#The deflection value at which 80 per cent of the measure-
ments are lower and 20 per cent are higher.
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empﬁasis on;an‘isolated condition,

Selection of’Required Maintenance Treatment

The problem of recommending suitable reconstruction
is 5ot simply a matter of establishing a representative
defiection ieVel and prescribing a treatment which would
reduce this deflection to a tolerable limit. Several
other factors are carefully considered to arrive at a
satisfactorﬁ design. These are:

1. Existing vertical controls (curbs and gutters)

2. Anticipated use of the roadway

3. Ex;ent and nature of cracking.

4. Anticipated traffic volume

" The existence of curbs and gutters or the presence
of én excellent passing lane next to a distressed travel
1an§ often ﬁakés the utilizétion of a travel lane digout
fea%ible. Where no such vertical control exists and a

maj;r reconstruction is warranted, a flexible base or
| cemént treated base (CTB) with an asphalt concrete (AC)
blanket is QSually recommended so that the residual
stféngth of¥ﬁﬁe'bld pavement can be incorporated into
the new construction.

- The anéicipated future use of a roadway frequently
determines whether we shall 'live' with a deflection con-
dition through utilization of a thin blanket or eliminate

the problem with major recomstruction.
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The ‘extent and nature of cracking is frequently very
important in determining whether a blanket will act inde-
pendently of the oid surfacing or become an integral part
of the existing surfacing, thereby increasing surface
rigidity with a corresponding decrease in the level of
tolerable deflection.

The presence of large block or ladder type cracks
indicates that the existing surfacing has a good deal of
residual slab strength and could thus be expected to act
in conjunction with a new blanket, Thus, the AC surfacing
would consist of the original and the repair blanket,
acting as a unit. Because of this, the tolerable de-
flection level would be much lower than that for a new
bianket applied to a continuously cracked AC surfacing in
which surface distress 1s in the form of relatively small
blocks as is sometimes the case with badly "alligator"
cracked roads. Here, because the new blanket can be
considered independent of the old, the tolerable de-
flection level can be assumed to be determined by the
thickness of the new blanket only,.

It should be borne in mind that the deflection method
for the design of reconstruction is assumed to be valid
when roadway distress 1ls attributable to excessive com-

pression and rebound of the structural section. Evidence

- www.fastio.com
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of the instability of the structural section as manifested
by permanent wheel track depression (rutting) or indication
of significant permanent deformation on the deflection
traces reveals a problem beyond the scope of the deflection
method. In these cases, design of corrective treatment is
baéed upon the standard California R-value procedure.

In order to illustrate the method of analysis and
procedure for recommendation of corrective treatment based
upon deflection data, we shall examine what might be con-
sidered a typical case history of a particular roadway.

The information contained in Table 2 was actually acquired
dufing a recent deflection investigation of the streets of
a medium size city in the central valley of California.
The subject roadway had a structural section consisting
of 2" of AC surfacing over 4' of aggregate base over 4" of
aggregate sﬁbbase. The design T,I. was assumed to be 6.5.

The evaluated deflection levels for the two test
sedfions ranged from 0.064" to 0,106", TFor Test Section
No. 1, however, we note a mean outer wheel track deflection
level of 0;055". The wide discrepancy between the mean
(0.055") and the evaluated (80 percentile) (0.106") levels
indicates that the evaluated deflection level was greatly
influenced by a few isolated high readings and, thus, is

not representative of the test section as a whole, With
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this in mind, the.evaluafed deflection level of Test
Section No. 2 (0.064") is selected as the design de-
flection level. Based upon a T.I. of 6.5 and the
utilization of a 3" AC surfacing, it is determined from
Figure 3 that a deflection level of 0.030" can be toler-
ated. 1t is, therefore, necessary to effect a reduction
in the deflection level of 0.064" minus 0,030", or 0.034",
This requires a %f%%%; = 53% reduction in deflection.

From Figure 2 we note that an increase of 10.5" in gravel
equivalence is required to reduce the deflection level by
53%. For a 3" AC surfacing the gravel equivalence is

3.0 x 1.9" = 5,7". It will, therefore, be necessary to
provide 10.5" minus 5.7" = 4.8" of additional gravel. A
possible reconstruction would, therefore, be the placement
of a 3" AC surfacing over 5.0" of aggregate base directly
over the existing roadway.

Another practical approach to the same problem which
would cost less tékes into consideration the type of
distress on the roadway. Here we note intermittent to
continuousJélligatof'craéking in both wheel tracks. Be-
cause 'Alligator’ cracks are usually small (2" to 5" in
diameter) we can reasonably assume that the existing

pavement will act independently of the new surfacing in

much the same manner as an aggregate base. Therefore,

www . fastio.com
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cﬁnsideration should be given to the possibility of the
placement of a thin AC blanket which would permit a higher
tolerable deflection level. This approach could be con-
sidered "living" with a high deflection condition rather
than eliminating it by a major reconstruction. For a 2"
ACfsurfacing, Figure 3 indicates a tolerable deflection
of 0.040". Tt would, therefore, be necessary to reduce
the design deflection level of 0.064" to 0.040" which re-
quires a 38% reduction in deflection. From Figure 2, a
2" AC blanket (3.8" gravel equivalence) provides a 37%
reduction in deflection. This is considered close enough
to;recommend a 2" AC surfacing for the repair of this
faéility.

In either case, isolated areas of high transient de-
flection or advanced distress should be subject to sub-
stantial digout typerrepair prior to the application of

the corrective treatments described above.

RESULTS OF SPECIFIC INVESTIGATIONS

The following are brief histories of five past de-

.fléction studies which are of particular interest by way

of illustrating unusual problems and conditions. The

criteria utilized in recommending corrective treatment
for these projects has been changed somewhat due to a
recent revision of gravel equivalences of base and AC

surfacing and modification of the deflection attenuation
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curves which were used at that time.

V-Mon-118-Salinas

In July 1961 District V Materials Personnel sampled
the inplace structural section of this facility at several
locations. - It was found that within the city limits of
Salinas the asphalt surfacing varied from 3" to 6" in
thickness and the base material varied from 2%" to 11",
Average passing and travel lane deflection meaéuremenfs
taken in August of 1961 are shoﬁn by Table 3. Based upon
the average deflection levels of 0.067" and 0.058" for
the travel lanes and the deflection design criteria in
use at that time, it was determined that an increase in
gravel equivalence of 12" was required. For the passing
lanes, because of their genmerally good appearance, lower
deflection levels and lighter traffic load, an increase
of only 4" in gravel equivalence was recommended. The
existence of curbs, gutters, and buried wtility lines
near the surface placed severe limitations on the thickness
of both an overlay or digout type repair for the travel
lanes. As a result, the travel lanes were scarified to a
depth of 8'". Upon removal of the existing base and
surfacing, 8" of an untreated Class 2 aggregate base was
placed and coﬁpacted bringing the roadway back to original

finished grade. Both the passing and the travel lanes


http://www.fastio.com/

. A i
ChihPDF - www.fastio.com

'Efnést zube® and Rayﬁond Foféyth - - 16~

were then blanketed with 3" of AC sﬁffaciﬁg.

The net result of the reconstruction of the travel
1anés was the replacement of a cracked AC surfacing with
an uncracked 3" AC surfacing and the replacement of the
exiéting base with a new lift of aggregate base material.
The' placement of a 3" contact blanket over the passing
lanes, however, resulted in the full utilization of the
reéidual strength of the old surfacing. The results of
deflection measurements-before and after reconstruction
for one test section are shown by Figure 4. The average
per cent reduction in mean outer wheel track deflection
waé,significantly greater in the passing lane section
than in the travel lane digout sections (45% as opposed
to 16%). This project illustrates what has been found
tolbe a basic truism with regard to overlay design; that
is, whenever possible, reconstruction should fully
utilize thé:residual structural strength of an existing
roadway which more often than not is considerable even

for badly cracked pavements.

V-SLO-2-PBch,E

Origiﬁally constructed in 1949, the structural
seéfion included 4" of AC surfacing over 6" of crusher
run base covering 12" of imported subbase material. Be-

cause of the appearance of early surface distress, a
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portion of the roadway was resurfaced in 1954 with a 3"

AC blanket. VIn 1959 Disprictrv Materials Personnel con-
ducted an investigation in order ts determine the cause of
surfacing distress which had reappeared since the placement
of the 1954 contact blanket. Even though cracking was

almost continuous throughout the 1éngth of the project,

the structural section was found to be entirely adequate

in thickness and quality. It was, therefore, suspected
that excessive pavement deflection had induced premature
fatigue cracking of the surfacing.

In January, 1960, Materials and Research personnel
made visual observations, pavement deflection measurements,
and cored into the structural section at two locations.
Visual inspegtion of the roadway revealed almost continuous
"alligator" type cracking with some spalling in both the
inner and outer wheel tracks of the outer lane (see
Figure 5). Little evidence of pavement rutting or pumpiig
was observed. - Deflection measurements were found to be
uniformly low, averaging 0.016" in the travel lane outer
wheel track and 0.012" in the passing lane outer wheel
track. The results of tests on AC surfacing cores, how-~
ever, indicated that the asphalt binder in the 1954 surface
course had reached a state of hardness such that it could
not withstand eveh the relatively low deflections charac-

teristic of the roadway. This is shown by the results of

www . fastio.com
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teéts on recovered aSphait from ébres taken at two different
locations on the roadway. These data are presented by
Table 4. |

: The 1954 surfacing binder had reached a critical state
offﬁardnesétas indicated by recovered penetrations of 7 and
3 éﬁd ductilities of 8 and 0. These values show a much
grééter degree of hardness than faund for the 1949 surface
coérse Witﬁ recovered penetrations of 33 and 13 and
duétilities of 100+ and 22. As a result, the 1954 overlay
suéfacing ﬁés cracked to a much greater extent than even
thé origihai 1949 pavement.

,‘ In view of the low deflection characteristic of the
trével lanes, it was recommended that a 2" AC blanket be
plébed over the entire roadway. Because the 1954 surface
coﬁfse had ¢racked into relatively small blocks, it was
beiieved that the possibility of }eflective cracking into
the new blanket would be minimal. A 2" AC blanket was
pléced as”fécommeﬁded, in 1960. To date, after nearly
5—f/2 years of service, there has been no further mani-
festation of surface distress. The use of deflection
meésu;emenﬁg thefefore resulted in a real savings since,
béééd.purely on visual observation, a much greater degree

of reconstruction would normally have been recommended.
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-~ Greenwood Awvenue
(Clty ol Sanger)

This roadway is typlcal of the many county and city
streets tested durlng the past two to three years over
which surprisingly low levels of transient deflection were
noted in spite of relative1§ tﬁin structural sections. In

this case, the structural section consisted of 2" to 4" of

" oiled earth and rock. Visual appearance of the roadwaﬁ

was genérally good with isolated areas of shrinkage and
"alligarér" cracking. No wheel track depressions or other
evidence of insfabifity Wére observed. Deflection measure-
ments made in Aprll 1965 produced relatively low evaluated
deflection levels ranglng from 0.023" to 0.038" which,
based upon existing crlterlon for a 3" AC surfac1ng at

6.0 T.1I. (0 035"), did not indicate a ‘need for corrective
treatment. Consequently, ‘a double sereening seal coat was
recommended to improve roadway appearance and seal off the

section although, based upon conventional strength tests,

it is likely that a much heav1er reconstruction would have

been indicated. The good visual appearance and low de-

flection 1evel of this fac111ty can probably be attributed

to age hardening of the AC coupled with an increase in load
earrying'Capacityrof the basement soil reaulting from
suceessively heavier applicatibns of traffic throughout

the years. It is unlikely, therefore, that a similar but
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newly constructed structpral‘segtion would prove successful
in view of the heavier volume of traffic which would

utilize the facility immediately after construction,

V-8LO-2 B

This progect was constructed tq its present 4-lane
divided aliéﬁment in 1951. The original structural section
coﬁsisted of 4" of AC surfacing and a variable thickness of
bagé materiél which had 2 to 3% cement added to the upper
8”;_ In 1958, as a result of extensgive block cracking in
thg‘travél lanes, a 1" AC blanket was placed over the entire
roédwayg Tbis was in addition to regular maintenance of a
quradic nature which, by 1960, was estimated to cost
neérly $2000 per mile ﬁer vear. In June 196], just prior
to;a deflection studv, a field review of the road was com-
pléted. V{éual observations indicated that the travel lanes
were badly.éracked, with spalling eyident in some areas.
Oniy very slight distress was observed in the passing lanes.
The nature of the cracklng indicated reflection from block
cracks ln the cement treated base as the primary cause of
surface dlstress. Mean outer wheel track deflection levels

féﬁge& froﬁ 0.032" to G.051" while individual meaSurements

. Jdn the travel lane varied from 0. 012“ to 0. 084" Ehese

,_,‘. ,.,‘.. L,

| data conflrmed the resulrs of VLsual o%serVatlons by 11d1—;3

cating the cement treated base was providing little or;nomu»

vy faslio.com
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slab st:ength._ The relatively high mean outer wheel track
deflection 1evels‘over the uncfacked7sections (0.018" and.
0.025") suggested that even these areas were in a state of
incipient distress. This facility (Sign Route U.S. 101),
one of the two major highways between Saﬁ Francisco Bay
area and Los Angeles, is subject to extremely heavy truck
traffic. Because of this and its relatively high level

of transient deflection, a major repair was indicated,

Tt was eétimated that an AC blanket -of sufficient thick-
ness to reduce travel lané deflections to a tolerable

level would have requited&substantial shoulder recon-
struction and was noﬁ neéeséary in the passing lane. It
was, therefore, recomménded that the existing AC surface
and cement treated base be pulverizéd to a depth of 10"
below the existing finish profile grade in the travel

lanes only and that sufficient cement be added for the
construction of new cement treated base 8'" in thickness
having a minimum 7 day compressive strength of 500 lbs.

per square inch. It was further recommended that the travel
lane be'blanketed with 2" of AC over the cement treated base
bringing it back to its original grade and that both lanes
then be surfaced with a 2" AC blanket. With two minor
modifications, the roadway was reconstructed as recommended.

The thickness of CTB was increased from 8" to 10", Also, a
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3/4" open gféded AC surfacing was placed over beth lanes
in addition Eo the densé graded Ac‘blanket'originally
recémmended. The results of deflection meaéurements over
a t}pical test section are shown by Figure 6. The level
of deflectidn in the outer wheel track was reduced by an
average of 87% to  below 0.005",

% The reéﬁlts of this and similar projects demonstrate
thaﬁ succeséful cement treatment of existing base and
surfécing méteriéls can greatly strengthen an existing
section without significantly raiging profile grade.
Henée, this:technique haé proved economical and effective
forﬁthe reéénstruction af roadways subject to the existing
vertical cogtrol of curbs, gutters, or undistressed

interior lanes.

VI-Kin,Tul-135-B,A

' Where it is possible to utilize existing structural
section in its entirety, placement of recognstruction
directly over existing surfacing permits comparable results

with.thinder -reconstruction, This is demonstrated by the

'resﬁlts of the deflection study on road VI-Kin,Tul-135-B,A,

which at the time of the investigatiom had a structural

section consisting of 3" AC, 6" of low stremgth (Class '"C'")*

*I%fto 2#1/2% cement
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CTB, 5" of aggreégate base, and 11" of imported borrow.
The results of deflection measurements prior to recon-
struction are presented by Table 5.

Based upon an average deflection level for the
cracked areas of 0.047", the design criteria in use at
that time indicated a need for increase in gfavel
equivalence of 15". Tt was recommended that this be
accomplished by scarifying the existing surfacing and
base to a depth of 8" to'be folloﬁed with an addition of
sufficient cement to form a CTB with a minimum compressive
strength of 500 psi in ‘7 days.”

It was further recommended that the entire roadway was
to be blanketed with 'a 3" AC surfacing. Because of the
absence of wvertical controls, the District elected to
place a 6" layer of cement treated base and a 3" AC blanket
directly over the original roadway, which provi&ed for an
increase in gravel equivalence of 16". A graphic presen-
tation of deflection data before and after reconstruction
from one test section is shown by Figure 6. Deflection
measurements indicated-a reduction in transient deflection
level by an average of 71%. This project was considered
quite successful since the deflection levels after appli-
cation of corrective treatment were reduced below the

critical level.
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 Full utilization of the-defledtioh test method is of
such recent originathét only a:porﬁion of'thé projects
subject to deflection study and corrective treatment have
been constructed. Even so, the potential of the deflection
test method for effecting substantial savings in the
maintenance and reconstruction of existing roadways has
beeﬁ convincingly demonstrated on several occasions. 1In
the October 1964 Public Works Magazine(é), Mr. Donald
Winﬁon, Assistant City Engineer, Fresno, California,
stated that large savings were realized by utilizing the
recommendations resulting from a pavement deflection study
of Ehe Fresno city streets. The Materials and Research
Department récommendations, when compared to the cost of
the previously anticipated reconstruction, allowed a cost
redﬁction of several hundred thousand dollars.

" The costs involved in making the typical deflection
study have so far been quite reasonable in consideration
of the coverage possible with the traveling deflectometer.
Norﬁally 10 to 12 one thousand foot road sections repre-
senting approximately 10 miles of roadway are tested during
a given working day. The cost of the deflectometer crew
andlequipment is approximately §$275 per day. This does
not:include flagmen which are usually supplied by the

higﬁway district, city, or county requesting the survey.
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Most deflection studies have been conducted at a cost of

between. $500 and $1000 including the completed report.

CURRENT DEFLECTION RESEARCH

Pavement deflection research by the California
Division of Highways is, at the present time, concentrated
into three general problem areas., The first and by far
the largest program involves the establishment of a tie
between tolerable deflection levels, structural section,
and traffic volume, or Traffic Index. As was mentioned
earlier, the present limiting criteria for maximum
allowable deflection were established in 1955 as a result

.., of a comprehensive study throughout the State of California.
-:It is not unlikely that the values developed as a result
. of this investigation ténd to be conservative when applied
“to roadways with light and medium traffic volumes, since
the initial investigation was conducted over heavily
trafficked roads (9.0+ T.I.),

Another very important reason why these values may
be subject to some alteration 1s the improvement in asphalt
concrete durability and thus AC surfacing fatigue resistance
which has undoubtedly been brought about by a recent
modification of our AC mix design method. The principal

objective of this study, therefore, is the establishment
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of new maximum deflection criteria, which makes allowances
for a more durable asphalt concrete and which can be
adjusted for variations in predicted traffic volume.

This project, which is being cooperated in by the Bureau

of;?ublic Roads, has been under way for over a year.

Twenty -five roadways throughout the state, meetlng the

follow1ng requlrements, were selecﬂed for a five year

comprehen51ve pre-test program: | |

1.f'They are AC surfaced roadways over which reliable’
i.trafflc data are available.

2. They are newly constructed roadways which have
i.not been in operation,for more than three years.

3. They have a reasonablf large variation in
 structural section and deflection level.

The test program, which is being carrled out during
the spring of each year, consists of deflection measure-
ments obtained with the traveling deflectometer over

; mnn..‘s..selected test sections of each roadway., These sectlons

R consist of 3 to 5 one thousand foot 1engths of the road-

way, depending upon the size and the nature of the project.

In addition to deflection measurements, a precise crack

survey and rut depth determination 1s made over each test
© section. Four and twelve inch diameter AC cores are

taken in and between the wheel tracks. These samples are
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subject to flexural strength; microviscosity, permeability,
stabiiify, oohesion and1dénsity'tests.‘ Theyearly test
program outlined above will be continued until each test
section manlfests distress to a predetermined level con-
sidered to be failure. It is belleved that this study is
of suff1c1ent scope to permlt a valid apprisal of the
effect of transient deflection, fatigue characteristics,
asphalt quality,rmix deaign, and traffic volume, on
asphait-concfete:performance.

The second area of sfudylinvolves the determination
and analysis'of afea of influence or radius of cnrvature
of a”pavement'under load. and the.relationship of these
entltles to pavement performance, it Would seem entirely
reasonable, as many authorities contend that pavement
performance and ooudltlon are related more directly to
severiﬁy of bending or area of influence than to lineal
deflection measurement alone. A proponent of the "radius
of curvature"-concept pf@senﬁed at the 1962 International
Conference on Flexible Pavement Design at the University
of Michigan in August, 1962, a new device for measurement
of radius of cérwature with data resulting from its use(3).
This device, called a cnrvature meter, is an aluminum bar
approximately one foot in 1ength with an Ames dial and
probe fixed in the eenter. By placing it between the

wheels, it is possibe to measure the middle ordinate of
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a cﬁrVe one foot in 1ength in the deflectéd basin from
which a radius of curvatﬁre can be calculated.

?:This device has been fabricated by us and used on
sevéral projécts in conjunction with conventional deflection
meaéﬁrements} The data are shown graphically on Figures 7
and 8. On Figure 7, radius of curvature calculated from
curvéture mefer measuremehts versus lineal deflection are
plotﬁed for cement treated base construction. The open
circles represent unfailed areas, with the closed dots
repr;senting‘cracked sections of the roadway from which
the @easureménté were taken. Although relatively little
data;is avaiiable, it appears that lineal deflection was
the Best predictor of cement treated base performance
since there ié a clear-cuf demarcation between cracked
and ﬁncracked measurements at the 0.012" deflection level.
For'iadius of curvature ﬁhis demarcation is less clear-cut;
howeﬁer; a critical radius appears to be in the range of
from 500 to 700 feet.

A similar piot for aggregate base structural sections
is éhown by Figure 8. 1In this case, the radius of curva-
ture?appears to be the best forecaster of pavement
perf;rmance,iwith a critical radius of curvature of
appréximately 200 feet. The critical zone for lineal
deflection o;curs at approximately 0.020", although:there

is a considerable overlapping between 0.020" and 0.030".
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Based upon the limited amount of data presented by Figures 7
and 8, it would be difficult to determine whether lineal
deflection or radius of curvature minifests a clear-cut
superiority as an indicator of future pavement performance.
Because of its simplicity and compactness, in addition to
its sensitivity in a very critical zone of the deflected
basin, further evaluations of the instrument will be made
on projects subject to deflection study.

Attempts made to relate various functions of
deflectometer trace shape to pavement condition have so
far proved inconclusive. This is possibly due to the fact
that the zone dof critical bending is confined to a very

small portion of the trace, thus reducing sensitivity.

CONCLUSION

The Significance of Pavement Deflection

With a steadily increasing amount of reconstruction of
existing roadways, the need for a method to determine the
minimum corrective treatment required to restore an existing
roadbed to a state in which it may serve present-day traffic
and providé maintenance-free service for an extended period
has become increasingly important.

The problem encountered in the design of reconstruction
is, of course, entirely different from that which occurs

with all new construction. In the latter case, samples of
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‘basément or embankment soils are tested statically under

moisture and demsity conditions which are estimated to be

the worst thét will occur during the lifetime of the

‘pavement. From the results of these tests, subgrade

bearing capacity is determined with which the necessary
thiékneSS'of base or subbase can be calculated to provide
thef%equired'cover in accordance with the appropriate de-
sigﬁ formula. The design of reconstruction for an existing
roadway presents quite another problem, however, since the
most economic reconstruction requires that full benefit

be derived from the materials already existing in the
strﬁctufal section. In this case, a laboratory strength
valﬁe cannot be considered quite valid, since the con-
ditions of ﬁoisture and density assumed during preliminary
design may not have occurred. Also, it is a well-known

fact that many years of successively heavier traffic

'loa&ings tend to gradually increase inplace soil strength,

Anoﬁher factor which is difficult to evaluate is the
residual strength of .an asphalt concrete surfacing or

cemént treated base. Here, the hardening or curing in-

*ducéd'by age may lend considerable slab strength to the
sysﬁem even though there is continuous visible distress.,

- The real significance of pavement deflection data, there-

' foré, is that it gives the highway engineer an indication
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of the total inplace structural strength of an existing

roadway and, thus, provides an extremely valuable tool for
the determination of the minimum degree of required

reconstruction.
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Table 1

Maximum Tolerable Deflection Levels

Max. Permissible

' Thickness of Deflection for
Pavement Type of Pavement . = Design Purposes
- 8-in. Portland Cement Concrete 0.012-in.
6-in. Cement Treated Base 0.012-in.
(Surfaced with Bituminous
Pavement)
4-in, Asphalt Concrete 0+017-in.
3~in. Plant Mix on Gravel Base 0.020-in.
2-in. Plant Mix on Gravel Base 0.025-in.
l-in. Road Mix on Gravel Base 0.036-in.
1/2-in. Surface Treatment 0.050-in.
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Table 2

Deflection Data From A Typical City
. " :Btreet in California

. Deflection(Inches)
Test Mean Evaluated
Section  OWT IWT (80% Level) Appearance

1) 0.055" 0.028" 0.106"(35)* Intermittent "alli-
gator'" cracking and
shrinkage cracking.

2) 0.043"™ 0.031" 0.064'"(28)* Continuous to inter-

: . mittent "alligator"
cracking in both
wheel tracks of all
lanes.

*Number of individual deflection measurements
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. . ' Table 3

Deflection Data From
. ' Project V-Mon-118-Salinas

Mean Deflection(Inches)

Location Lane Quter Wheel Track

1. Between Lincoln Westbound 0.067
and Vale Streets Travel

2. Between Stone and Westbound 0.034
Capitol Streets Passing

3. Between New Street Westbound- 0.038
and West City Limits  Travel

4, Between Capitol *Eastbound 0.058
and Stone Streets Travel :

5. Between Riker and Eastbound 0.042
Capitol Streets - Passing

6. Between Clark and Eastbound 0.029
New Streets Travel
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Table 4

Properties of Asphalt Binder Recovered
From Cores Taken on Project V-SL0O-2-PBch,E

Asphalt Properties

Ductility
77F
2 Depth Pen. 5 em/
Station Binder Core (in.) 77F min,
"NY 244464 120-150 . 1954 0-1% 7 8
‘ Pen. Surf. ...
Northbound Travel Course
Lane~-~Outer Wheel
Track 200-300 1949 3-3/4- 33 100+
B} ' TPen. Surf. 8
Course
""" 240+50 120-150 1954 0-1% 3 0
. ' Pen. Surf.
Northbound Travel Course
Lanet-0uter Wheel
Track _ 200-300 1949 3-3/4 13 22
: Pen, Surf.
Course
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. - y | Table 5
’ Deflection Data From

Project VI-Kin,Tul-135-B,A

Noxrthbound Lanes

Uncracked
Meant Deflection 0.036" 0,028"

Evaluated Deflection> 0.049"  0.030"

Southbound Lanes

Cracked

OWE IWE

|

0.057"  0.047"
0.084"  0.066"

1 e,

Uncracked Cracked
_ OWT IWT OWT IWT
Mean Deflection 0.034"  0,032"  0.049"™ 0,031"
Evaluated Deflection 0.042" 0.038" 0.068" 0,038"
Sunmary '
Uncracked Cracked
Mean Deflection 0.032" 0.047"
Evaluated Deflection 0.042" 0.068"
/
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ey gl
¥
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Figure 2

REDUCTION IN DEFLECTION RESULTING
FROM PAVEMENT RECONSTRUCTION
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ROAD X -Mon - 118 - SALINAS
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Figure

Road V-SLO-2-PBch,E '
Northbound Travel Lane
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Figure 8
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